Right-turn motorized vehicles turn right using channelized islands, which are used to improve the capacity of intersections. For ease of description, these kinds of right-turn motorized vehicles are called advance right-turn motorized vehicles (ARTMVs) in this paper. The authors analyzed four aspects of traffic conflict involving ARTMVs with other forms of traffic flow. A capacity model of ARTMVs is presented here using shockwave theory and gap acceptance theory. The proposed capacity model was validated by comparison to the results of the observations based on data collected at a single intersection with channelized islands in Kunming, the Highway Capacity Manual (HCM) model and the VISSIM simulation model. To facilitate engineering applications, the relationship describing the capacity of the ARTMVs with reference to the distance between the conflict zone and the stop line and the relationship describing the capacity of the ARTMVs with reference to the effective red time of the nonmotorized vehicles moving in the same direction were analyzed. The authors compared these results to the capacity of no advance right-turn motorized vehicles (NARTMVs). The results show that the capacity of the ARTMVs is more sensitive to the changes in the arrival rate of nonmotorized vehicles when the arrival rate of the nonmotorized vehicles is 500 (veh/h) ∼ 2000 (veh/h) than when the arrival rate is some other value. In addition, the capacity of NARTMVs is greater than the capacity of ARTMVs when the nonmotorized vehicles have a higher arrival rate.
Introduction
The method of allowing right-turn motorized vehicles in the front to turn right using channelized islands is used to improve the capacity of intersections. Where channelized right-turn occurs, the ARTMVs (advance right-turn motorized vehicles) can be considered to have no effect on the capacity or delay of the intersection when they pass through the intersection [1] . However, this view is not suitable for high traffic volumes and complex traffic environments, particularly in some countries with mixed traffic conditions, such as China. The authors found that the traffic at most of China's intersections is not consistent with ARTMVs. The four aspects of traffic flow are shown in Figure 1 . The first aspect is that, before entering the nonmotorized vehicle lane, the ARTMVs come into conflict with motorized vehicles passing straight through the intersection in the same direction [1] [2] [3] . The second aspect is that, when ARTMV is entering the nonmotorized vehicle lane, the traffic conflicts with the nonmotorized vehicles moving in the same direction [4, 5] . The third aspect is that the traffic conflicts with pedestrians as the nonmotorized vehicles move in the same direction [6] [7] [8] . The fourth aspect is that, after crossing the pedestrians, the traffic conflicts with the through traffic nonmotorized vehicles on the left of the ARTMVs [9] . For ease of understanding, Figure 1 depicts the through nonmotorized vehicles flow on the north approach.
As shown in Table 1 , for most ARTMV flows, the conflicts involving nonmotorized vehicles moving in the same direction are the most severe conflicts (the average conflict time per ARTMV is significantly higher than the other aspects). Thus, this paper mainly studies the capacity of ARTMVs under the influence of nonmotorized vehicles moving in the same direction. Some scholars have analyzed and studied the traffic characteristics of ARTMVs under these conditions. Zhou et al. [5] analyzed the effects of bicycle traffic on vehicular delays at signalized intersections with pre-rightturn lanes. In the Highway Capacity Manual (HCM 2010) [4] , the capacity of ARTMVs was calculated using a modified saturation flow rate while considering the influence of the occupancy of nonmotorized vehicles. However, this method was used to estimate the capacity without considering the impact of the distribution of the arrival of nonmotorized vehicles, which can lead to an overestimation of capacity. The previously cited references include analyses of the traffic conflicts that occur between ARTMVs and nonmotorized vehicles that are moving in the same direction. However, none of these studies considered the influence of the capacity of ARTMVs when the nonmotorized vehicle queue overflowed into the conflict zone. In this paper, the shockwave theory and the gap acceptance theory are used to describe the conflicts between ARTMVs and nonmotorized vehicles moving in the same direction and a capacity model of ARTMVs is proposed. The sensitivity of the reliability (as will be described in detail in the Sensitivity Analysis section) of the proposed model was analyzed to ensure the stability and reliability of its use in engineering applications. In addition, from the data collected
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Step 5: Determine total capacity of the ARTMVs based on T t at typical intersections in Kunming, several model results and other factors were compared to demonstrate the rationality and validity of the proposed model. The roadmap of the paper is shown in Figure 2 . For the reader's convenience, a list of the parameters used in the model is summarized in Table 2 .
Traffic Conflicts of the ARTMVs
The four aspects of the traffic conflicts of the ARTMVs are listed in the Introduction. The following paragraphs discuss each of these traffic conflicts.
Traffic Conflicts with Straight-Through Motor Vehicles
Moving in the Same Direction. The conflicts that occur between the ARTMVs and the motorized vehicles passing straight through an intersection are mainly visible in the shared through and right lanes. They can be categorized into the following two situations:
(1) Situation I: ARTMVs are not blocked by straightthrough motor vehicles. In this situation, the capacity of the ARTMVs can be considered the saturation flow rate.
(2) Situation II: ARTMVs are blocked by motorized vehicles passing straight through the intersection. This situation usually occurs when the straight-through motor vehicles overflow into the conflict zone during an effective red time.
Traffic Conflicts with Nonmotorized Vehicles Moving in the
Same Direction. The conflicts that occur between ARTMVs and nonmotorized vehicles moving in the same direction can also be categorized into the following two situations:
(1) Situation I: The queue of nonmotorized vehicles overflows into the conflict zone. During the effective red time, as the nonmotorized vehicles arrive at the intersection, they will accumulate at relatively low speeds. At the beginning of the effective red time, the ARTMVs can take advantage of the gaps in the flow of nonmotorized vehicles to pass through the conflict zone. As the volume of nonmotorized vehicles increases during the peak hours, however, their queue overflows into the conflict zone, as shown in Figure 3 , especially at the shorter distance between the conflict zone and the stop line. When the nonmotorized vehicle queue overflows into the conflict zone, these gaps disappear. The ARTMVs wait in the conflict zone until the nonmotorized vehicle queue dissipates and the gaps reappear. This allows the ARTMVs to cross the conflict zone.
(2) Situation II: Nonmotorized vehicles do not stop when they pass through the conflict zone. When the nonmotorized vehicle queue does not overflow into the conflict zone, the ARTMVs can take advantage of the gaps in the flow of nonmotorized vehicles to pass through the conflict zone. At this point, only the effect of the random arrival of nonmotorized vehicles on the ARTMVs is considered.
Traffic Conflicts with Pedestrians.
In most cases, both the ARTMVs and the pedestrians crossing the right-turn lane are unsignalized. ARTMVs usually cross the conflict zone only after following strict rules to ensure the safety of pedestrians. When the volume of ARTMVs and the volume of pedestrians are both low, the probability of a collision occurring between the two is also small. As the volume of both groups increases, the risk to pedestrians increases, and it also becomes more difficult for ARTMVs to pass through the intersection. Severe cases can cause interference to both nonmotorized vehicles and straight-through motorized vehicles moving in the same direction.
Traffic Conflicts with Nonmotorized Vehicles on the Left.
When the nonmotorized vehicles on the left are waiting during the effective red time, they do not affect the ARTMVs, and they can cross the conflict zone during saturated flow. When the nonmotorized vehicles on the left cross the intersection while the light is green, the nonmotorized vehicles affect the movement of the ARTMVs, especially when many nonmotorized vehicles are waiting for a green time. At this time, the nonmotorized vehicles pass through the conflict zone at a high density, and only after this do the ARTMVs take advantage of the gap before the subsequent arrivals of nonmotorized vehicles in order to cross the conflict zone. If the ARTMVs wait too long, a queue forms, The effective red time of nonmotorized vehicles (s)
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The calculated capacity of the ARTMVs affecting pedestrians, nonmotorized vehicles, and straightthrough motorized vehicles moving in the same direction. In summary, when the ARTMVs pass through an intersection, they cross the four conflict zones. Therefore, the capacity of the ARTMVs should be the minimum value of the four aspects of the traffic conflicts listed earlier. As described in the Introduction, for most of the ARTMV flows, the most severe traffic conflicts occur with nonmotorized vehicles moving in the same direction. To be specific, this aspect of traffic conflict has the greatest influence on the capacity of the ARTMVs. Therefore, this paper mainly studies the capacity of ARTMVs under the influence of nonmotorized vehicles moving in the same direction.
Capacity Model of the ARTMVs
Influence of the Nonmotorized Vehicle Queue Spillback on the ARTMVs during the Effective Red Time.
The previous analysis of the conflicts between the ARTMVs and the nonmotorized vehicles moving in the same direction shows that spillback from the nonmotorized vehicle queue had a pronounced impact on the capacity of the ARTMVs crossing the intersection. Hence, one of the keys to calculating the capacity of the ARTMVs is determining whether the nonmotorized vehicles overflow into the conflict zone. This paper takes a two-phase signalized intersection as an example to analyze the influence of an overflow of the nonmotorized vehicle queue. According to the observations that were made by the authors, when the opening into the crossing of the ARTMVs was less than 2.5 m after nonmotorized vehicles queue overflowed, the ARTMVs were not able to complete their trip through the conflict zone. This moment was considered the initial moment when the ARTMVs needed to wait to cross the conflict zone, denoted aŝ, and letting be the time from the start of the effective red time tô, which is calculated as follows:
Here, L is the distance between the stop line and the position of the vehicle at the moment (̂) takes place, as shown in Figure 4 . is the width of the nonmotorized vehicle lane, is the rate of arrival of the nonmotorized vehicles, and is the average road area occupied per nonmotorized vehicle when the nonmotorized vehicles are waiting in the queue during the effective red time.
In this paper, the authors used shockwave theory to describe the phenomenon of spillback among nonmotorized vehicle queues. The shockwave theory was proposed by Lighthill-Whitham-Richards (LWR) [10, 11] . The LWR model was used to analyze traffic flow dynamics, and, in particular, for estimating the shockwave boundary and speed [12] . Recently, some researchers have used this model to analyze the characteristics of nonmotorized vehicles [13, 14] . To analyze the impact of spillback on the nonmotorized vehicle queue, the shockwave propagation and dissipation procedures were as follows. Shockwaves are interfaces between different traffic-flow density conditions in the time-space domain that describe the transitions of different traffic flow density conditions. As shown in Figure 5 , according to changes in the density and the volume, the shockwave is the borderline between the density and volume that appear discontinuously in the time-space domain [15] . Areas A and B had two different traffic situations with different densities and speeds. They were divided by the perpendicular line ( is the location at which the happened) and their traffic patterns had a speed of V , and are the volume and the density in Area A, and and are the volume and the density in Area B. When all of the nonmotorized vehicles pass through the perpendicular line , the ARTMVs can take advantage of the gaps in the flow of nonmotorized vehicles to pass through the conflict zone.
Time ARTMVs Must Wait before Crossing the Conflict
Zone. The authors used the signal cycle as the analytical period to analyze the impact of the spillback on the nonmotorized vehicle queue. In each signal cycle, the time ARTMVs must wait before crossing the conflict zone because of spillback from the nonmotorized vehicle queue is denoted by , and the determination of was divided into the following two situations.
(1) Situation I: when ≤ , the nonmotorized vehicles queue had overflowed into the conflict zone during the effective red time and could then be calculated as follows:
Here, is the time during which the shockwave propagated backward from the stop line to the perpendicular line , = /V , as shown in Figure 6 , and V can be calculated using Equation (4); is the time required by the nonmotorized vehicle queue before the perpendicular line S dissipated, and can be calculated using the following process.
Step I (the stopping wave speed of the nonmotorized vehicles). As shown in Figure 6 , Areas C and D had two different traffic situations with different densities and speeds, and they were divided by the perpendicular line and their traffic patterns had a speed of V . When the nonmotorized vehicles arrived at the intersection during a red light, the speed V 0 in Area C dropped to zero, and the density changed from 0 in Area C to the jam density in Area D. The traffic was stopped and the stopping wave formed. According to shockwave theory, the stopping wave speed V can be formulated as follows:
Here, 0 and are the traffic volumes of the states before stopping and during the stopped state, respectively.
Mathematical Problems in Engineering
Due to the density of the subsequent nonmotorized vehicles during a period of moderate flow, the authors used the Greenshields model to describe this process, which can be formulated as follows [16, 17] :
Substituting Equation (5) into Equation (4) results in the following:
Here, V is the free-flow speed of the nonmotorized vehicles.
Step II (the starting wave speed of the nonmotorized vehicles). After the green light began, the volume changed from zero to the relatively high value of , the density changed from the jam density to a relatively low density , the nonmotorized vehicles then entered a startup state and began to move, and the starting wave formed. The starting wave speed can be formulated as follows:
As a result of the nonmotorized vehicles with states of high density during the initial green time, the authors used the Greenberg model to describe this process [18] [19] [20] . This model can be formulated as follows:
Substituting Equation (8) into Equation (7) results in the following:
Here, V is the speed of nonmotorized vehicles with a maximum volume and V is the speed of the nonmotorized vehicles at the moment they start moving.
Step III (time of the queue dissipation of the nonmotorized vehicles). The dissipation time refers to the time required for the queue of nonmotorized vehicles to dissipate to the perpendicular line , denoted as , when the nonmotorized vehicle queue overflows into the conflict zone. According to the flow conservation law, as long as the arrival of the nonmotorized vehicles is confirmed during the ARTMVs' lost waiting time , can be calculated using the following formula:
By substituting Equation (6) and Equation (9) into Equation (10), the equation can be written as follows:
(2) Situation II: when > , the nonmotorized vehicle queue may not overflow into the conflict zone during the effective red time. However, with the constant arrival of the nonmotorized vehicles, determining whether the nonmotorized vehicles overflow requires further analysis. This can be calculated using the following process.
Step I (the time of the queue dissipation of the nonmotorized vehicles). Assuming that the queue of nonmotorized vehicles is by the end of the effective red time, = /3600 , as shown in Figure 7 . The time required for the nonmotorized vehicle queue ahead of the perpendicular line S to completely dissipate is given as . According to the flow conservation law, can be calculated using the following formula:
By substituting Equation (6) and Equation (9) into Equation (12), the equation can be written as follows:
Step II (the time that the ARTMVs must wait before crossing the intersection). In summary, when > and − + + > 0, the nonmotorized vehicle queue has overflowed into the conflict zone, and the ARTMVs lost waiting time is equal to − + + . When − + + ≤ 0, the nonmotorized vehicles queue has not overflowed into the conflict zone and is equal to zero.
Capacity of the ARTMVs When the Nonmotorized Vehicles
Continuously Cross the Conflict Zone. Nonmotorized vehicles did not stop when passing through the conflict zone. These vehicles were usually moving in a state of relatively low density and high speed. Therefore, it could be assumed that the headway of the nonmotorized vehicles followed a negative exponential distribution, and the authors used gap acceptance theory to calculate the capacity of ARTMVs when the nonmotorized vehicles continuously crossed the conflict zone [21] . This conflict zone could be considered an X-intersection intersected by two one-way traffic flows, as shown in Figure 8 , in which the major traffic flow is composed of nonmotorized vehicles and these vehicles have priority over the ARTMV flow.
The headway of the nonmotorized vehicles is denoted by , and only when is a long period can ARTMVs pass through the nonmotorized vehicle flow. The longer the headway is, the larger the number of ARTMVs that will pass through. When the volume of nonmotorized vehicles is zero, the saturation headway of the ARTMVs is denoted by , and the minimum headway of the nonmotorized vehicles is . Only when ≥ + do ARTMVs pass through the intersection. Otherwise, these vehicles will make headway against the nonmotorized vehicles for less time than . This situation is prone to causing collisions between the ARTMVs and the nonmotorized vehicles. If ARTMVs are to pass through the critical gap in the flow of nonmotorized vehicles, must be equal to or greater than + . Here, the volume of nonmotorized vehicles is . The greater the value of is, the fewer the ARTMVs that can pass through the conflict zone. The number of ARTMVs that can pass through the conflict zone in a signal cycle is given as . is a decreasing function that decreases as the number of nonmotorized vehicles increases. There are two common methods of determining : the series method and the integration method. In this paper, the authors used the integration method, which has a relatively simple derivation process. Thus, it was relatively simple to determine the expression of the capacity of the ARTMVs.
The ARTMV lane was thought to meet the needs of the ARTMV queue in this paper. The probability density of is ( ). is the time it takes for a nonmotorized vehicle to pass through the conflict zone during a signal cycle assuming that the vehicle does not stop. When the nonmotorized vehicle queue does not overflow into the conflict zone, is equal to minus . For any and any small increment Δ that is greater than , the probability of in the range of ∼ + Δ is Δ ( ) and the number of times that occurs within this range in a signal cycle is Δ ( )/3600. Then the sum of and is divided by according to the theoretical deduction. This shows that, during , the volume of ARTMVs that can pass through the conflict zone is 1 + ( − )/ . Hence, during a signal cycle, the volume of ARTMVs that can pass through the conflict zone is as follows:
Let Δ → 0, and, taking the integral of Equation (14) from = to = ∞, the equation can be written as follows:
Because the ARTMV lane meets the ARTMV queue, the reduction factor of the length of the ARTMV lane for the capacity can be considered equal to 1. By substituting the probability density function of a negative exponential distribution ( ) = /3600 − /3600 into Equation (15), the equation can be written as follows:
Summary of the Model.
In a signal cycle, the ARTMVs volume passing through the conflict zone is = ( /3600) − /3600 (1 + 1/( /3600)), and is determined by whether or not the nonmotorized vehicle queue overflows into the conflict zone. The entire model of the capacity of ARTMVs can be written as follows: 
Sensitivity Analysis
Reliability is generally defined as the probability that the system of interest has the ability to perform an intended function or goal. It can be formulated as the determination of the (supply) capacity of the system to meet certain (demand) requirements [22] . The sensitivity of the reliability analysis plays an important role in any assessment of the reliability of an engineering project. This type of analysis has been applied to many aspects of transportation, such as signal timing, sight distance, intergreen intervals at signals, and capacity (e.g., Easa [23, 24] ; Chen et al. [25] ; Easa [26] ; and Zheng et al. [27] ). For a sensitivity of reliability analysis, a performance function is obtained from the derivatives of variables. This analysis can be used to analyze the relationship between the change in factors that influence engineering and the degree of change in the results of the engineering project, to identify the factors that influence the results, and to optimize these results in order to ensure the stability and reliability of the engineering application [24] . One of the commonly used sensitivities of reliability analysis models, a first-order probabilistic analysis, is used in this paper. The model shows that the capacity of ARTMVs is affected by the arrival distribution of nonmotorized vehicles, the arrival rate of nonmotorized vehicles, and signal timing parameters. To fully evaluate the influence of nonmotorized vehicles on ARTMVs, the authors selected the arrival rate of nonmotorized vehicles as the disturbance variable to analyze the sensitivity of the reliability of the model, and it was assumed that other factors were unchanged. During analysis, the arrival rate of the nonmotorized vehicles derived from other influence factors was determined. According to the capacity model of ARTMVs deduced earlier, the sensitivity of the reliability analysis model under the influence of the arrival rate of the nonmotorized vehicles could then be written as follows:
The influence of the different arrival rates of nonmotorized vehicles on the capacity of the ARTMVs can be analyzed using Equation (18) , which aids in taking effective engineering measures to improve the traffic efficiency of the ARTMVs.
Case Study
Traffic Basic Data.
To verify the capacity model of the ARTMVs, the Huancheng Bei-Beijing intersection (one of many signalized intersections with channelized islands used for ARTMVs in Kunming, China) was chosen as the model validation site, as shown in Figures 9(a) and 9(b) . The authors choose this intersection for two reasons. First, there is a considerable traffic demand at this intersection, which is convenient for traffic conflict analysis. Second, the intersection has a good view, which is convenient for traffic surveying and video recording. A video camera was placed on the pavement in the southwestern corner, and the ARTMVs of the western approach were observed. The ARTMVs were not controlled by the signal. The geometry of the western approach is shown in Figure 9 (c). The traffic signal in the intersection had only two phases and it prohibited vehicles from making left turns in all four directions. To fully analyze the conflict between the ARTMVs and the nonmotorized vehicles, the volume of the evening peak was chosen to determine the model calculation parameters. The signal cycle lasted 180 s during the evening peak, and the yellow interval and the all-red clearance of each phase were 3 s and 2 s. An illustration of the signal timing is shown in Figure 10 , and 1 and 2 were the green times during Phase 1 and Phase 2.
Traffic Parameters of the Model.
The video was reviewed using a Corel VideoStudio Pro X4 and the traffic parameters of the model were obtained frame by frame. The video system was set to 25 frames per second. Because about 90% of the nonmotorized vehicles were electric bicycles, the model parameters were different from those of nonelectric bicycles, as shown in Table 3 .
In this example, when ≤ and ≥ 948.127710 (veh/h), the nonmotorized vehicle queue had overflowed into the conflict zone, and was equal to − ( − + + ). When > and 923.122900 (veh/h) ≤ < 948.127710 (veh/h), the nonmotorized vehicles queue had also overflowed into the conflict zone, and was equal to − ( − + + ). When < 923.122900 (veh/h), the nonmotorized vehicle queue had not overflowed into the conflict zone, and was equal to . By substituting the parameters of Table 3 into Equation (17) , the equation could then be written as follows: results, the HCM 2010 model (the HCM 2010 model is applicable to the situation in which the flow rate of nonmotorized vehicles is ≤ 1900 (veh/h)), and the VISSIM simulation results. Since neither the HCM 2010 model nor the VISSIM simulation model was not used to describe the influence of the queue overflowing on the ARTMVs, the influence of the queue overflowing on the ARTMVs was considered and eliminated by the method of the proposed model before these two models were used. Next, the influence of the nonmotorized vehicle queue overflowing (or not overflowing) on the capacity of ARTMVs was analyzed and compared. The relationship of the capacity of ARTMVs to the distance between the conflict zone and the stop line and the red light of nonmotorized vehicles moving in the same direction was analyzed later. The results were compared to the capacity of the no advance right-turn motorized vehicles (NARTMVs). In this paper, NARTMVs are right-turn motorized vehicles that turn right conventionally without channelized islands. Finally, the authors analyzed the sensitivity of the reliability of the capacity of ARTMVs under the influence of the arrival rate of nonmotorized vehicles. A detailed analysis follows:
(1) Comparison of the capacity of ARTMVs under different models: Figure 11 shows that the results of the proposed model are intermediate between those of the HCM 2010 model and the VISSIM simulation. The overall trends in the results of the three models show that the capacity of the ARTMVs decreased as the arrival rate of nonmotorized vehicles increased. Additionally, the downward trend became more pronounced when the nonmotorized vehicle queue overflowed into a conflict zone. The authors compared these calculated capacities ( cal ) of the ARTMVs with the observed capacity of the ARTMVs ( obs ) in Table 4 . The observed capacity of the ARTMVs was obtained by observing gaps. This capacity included two parts: the number of vehicles that actually passed and the number of vehicles that could have passed through but did not. The results show that the MAPE (mean absolute percentage error) of the proposed model is the smallest of these three models. This means that the proposed model can describe the traffic characteristics of ARTMVs as a whole better than other two models.
(2) The influence of the overflow of the nonmotorized vehicle queue on the capacity of the ARTMVs: to analyze the difference between the capacity of the ARTMVs with and without a nonmotorized vehicle queue overflow, the authors drew the solid line in Figure 12(a) , assuming that the nonmotorized vehicle queue did not overflow into the conflict zone. As shown in Figure 12(a) , there was a change point of the ARTMVs capacity when the queue of nonmotorized vehicles overflowed into the conflict zone, and the downward trend of the ARTMVs capacity became more pronounced. As shown in Figure 12(b) , when the queue of nonmotorized vehicles overflowed the conflict zone, as the rate of arrival of the nonmotorized vehicles increased to 1500 (veh/h), the difference between the capacity of the ARTMVs with and without the nonmotorized vehicle queue overflow rapidly increased to the maximum. This difference was greatest when the nonmotorized vehicles arrival rate was 1500 (veh/h) ∼ 2000 (veh/h). As the arrival rate of the nonmotorized vehicles increased, the difference slowly became less pronounced, until it approached zero. When the arrival rate of nonmotorized vehicles was 1000 (veh/h) ∼ 2000 (veh/h), the results show that the overflow of the nonmotorized vehicle queue has a profound impact on the capacity of ARTMVs. However, as the arrival rate increased further, the influence of the queue overflow on its capacity decreased gradually until it became negligible.
(3) The relationship of the capacity of ARTMVs with the distance between the conflict zone and the stop line and the effective red time of the nonmotorized vehicles moving in the same direction: the authors analyzed the influence of the overflow of the nonmotorized vehicle queue on the ARTMVs from the perspective of the arrival rate of the nonmotorized vehicles. In addition to the arrival rate of the nonmotorized vehicles, the overflow of the nonmotorized vehicle queue was also affected by other factors.
In this paper, two important factors were selected for further analysis; these two factors were the distance between the conflict zone and the stop line and the effective red time of the nonmotorized vehicles. The authors also compared the results of the capacity of the NARTMVs and provided a theoretical basis for the reasonable traffic control of rightturn motorized vehicles. It was assumed that, when comparing the capacity of the ARTMVs and the capacity of the NARTMVs, the effects of pedestrians and other vehicle flows (except for nonmotorized vehicles moving in the same direction) on right-turn vehicles could be ignored, and the NARTMVs and the nonmotorized vehicles were both controlled by the signal. In this situation, the capacity of the NARTMVs was as follows:
Here, is the effective green time of the NARTMVs, can be considered equal to , and is the saturation flow rate of NARTMVs, = 3600/ .
The influence of the change in the distance between the conflict zone and the stop line on the capacity of the rightturn vehicles is described as follows. Figure 13 shows the relationship between the distance between the conflict zone and the stop line and the capacity of the right-turn vehicles, when the time that nonmotorized vehicles spend in the red time is fixed.
According to Figure 13 , for different nonmotorized vehicle arrival rates, extending the distance between the conflict zone and the stop line can increase the capacity of the ARTMVs to some extent, and the lower the arrival rate of nonmotorized vehicles is, the more pronounced the effect is. According to the observations that were made by the authors, almost all of the flow rates of the nonmotorized vehicles were less than 4000 (veh/h). As shown in Figure 13 , when the flow rate of the nonmotorized vehicles was 4000 (veh/h), the distance between the conflict zone and the stop line was close to 100 m. Thus, we can consider that the capacity of ARTMVs is almost unaffected when the distance between the conflict zone and the stop line exceeds 100 m. In addition, this example showed that the nonmotorized vehicles that were moving in the same direction spent 129 s in a red time, which meant that the NARTMVs had 129 s of green time to pass through the intersection. During this time, the capacity of the NARTMVs is much greater than that of the ARTMVs, and traffic engineers may consider closing the opening to the conflict zone and using the no advance right-turn method to control the right-turn vehicles.
The influence of the change of the effective red time on the capacity of the right-turn vehicles is described as follows. Figure 14 shows the relationship between the effective red time of the nonmotorized vehicles moving in the same direction and the capacity of the right-turn vehicles when the distance between the conflict zone and the stop line was fixed.
According to Figure 14 , for different arrival rates of nonmotorized vehicles, as the duration of the effective red time of nonmotorized vehicles decreased, the capacity of the ARTMVs increased to a certain extent, and the lower the arrival rate of nonmotorized vehicles was, the more pronounced the effect was. As the duration of the effective red time of nonmotorized vehicles decreased to a certain value, however, the capacity of the ARTMVs was almost unaffected. For the NARTMVs, the longer the effective red time of nonmotorized vehicles was, the greater the capacity was. This example shows that, when the effective red time was longer than 85 s, the capacity of the NARTMVs was greater than the capacity of the ARTMVs. In addition, as the duration of the effective red time of the nonmotorized vehicles increased, the capacity of the NARTMVs also increased and a trend appeared in which the capacity of the ARTMVs was smaller during a lower arrival rate of nonmotorized vehicles and larger during a higher arrival rate of nonmotorized vehicles.
(4) The sensitivity analysis of the capacity of the ARTMVs: Figure 15 shows the relationship between the first order derivative of the capacity of ARTMVs and the arrival rate of the nonmotorized vehicles.
As shown in Figure 15 , when the arrival rate of the nonmotorized vehicles was 500 (veh/h) ∼ 2000 (veh/h), the capacity of the ARTMVs was more sensitive to changes in the arrival rate of the nonmotorized vehicles. When the arrival rate of the nonmotorized vehicles was 2000 (veh/h) ∼ 3000 (veh/h), the sensitivity of the capacity of the ARTMVs to changes in the arrival rate of the nonmotorized vehicles gradually decreased. When the arrival rate of the nonmotorized vehicles was greater than 3000 (veh/h), the sensitivity of the capacity of the ARTMVs to the changes in the arrival rate of nonmotorized vehicles remained basically unchanged.
Conclusions and Discussion
This paper presents a capacity model of ARTMVs at signalized intersections with mixed traffic conditions using different traffic theories. The proposed capacity model was validated by the data collected at a single intersection with channelized islands in Kunming. This capacity model can be used to analyze the traffic characteristics of right-turn motorized vehicles turning right using channelized islands and nonmotorized vehicles, and to provide theoretical support for traffic management. Based on the results of the analysis, the following conclusions can be reached.
(1) When the arrival rate of nonmotorized vehicles is relatively low, the capacity of ARTMVs can be improved by adopting a method of decreasing the effective red time of the nonmotorized vehicles moving in the same direction or extending the distance between the conflict zone and the stop line. With an increase in the volume of nonmotorized vehicles, however, it is difficult to improve the capacity of ARTMVs by simply decreasing the duration of the effective red time of the nonmotorized vehicles moving in the same direction or by extending the distance between the conflict zone and the stop line. At this point, other methods of optimizing the capacity of ARTMVs must be adopted.
(2) When the arrival rate of nonmotorized vehicles is not very high, the capacity of ARTMVs is more sensitive to changes in the arrival rate of nonmotorized vehicles. When the rate is high, the sensitivity of the capacity of ARTMVs to the change of the arrival rate of nonmotorized vehicles is relatively low. Thus, when the arrival rate of nonmotorized vehicles is not very high, taking appropriate traffic control measures may improve the capacity of the ARTMVs (e.g., extending the distance between the conflict zone and the stop line or increasing the effective green time of the ARTMVs).
(3) When using an advance right-turn method to control the right-turn vehicles, it is necessary to consider the conditions of the intersection, the signal timing scheme, and the arrival rate of nonmotorized vehicles to determine whether the advance right-turn method is desirable. In addition, when the traffic environment varies greatly in different periods of the day, the method of dynamic traffic management, i.e., combining the advance right-turn method and the no advance right-turn method, can be used to improve the capacity of right-turn motorized vehicles by applying the proposed capacity model.
(4) This paper analyzes four aspects of conflicts of ARTMVs, but it does not describe the influence of the interference on these four aspects of conflict involving ARTMVs. For example, when the conflict between pedestrians and ARTMVs is serious, it can cause the influence of the ARTMVs to overflow onto the nonmotorized vehicles moving in the same direction. In addition, this paper does not study the capacity of ARTMVs in multiphase signal control. The factors mentioned above will be the focus of further studies to fully and completely reflect the traffic characteristics of ARTMVs at signalized intersections with mixed traffic conditions.
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